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(57) ABSTRACT

A three-dimensional fiber-reinforced composite includes a
laminate having fiber bundle layers that are laminated in the
laminating direction and include first and second outermost
layers, primary and secondary retention yarns, and a binding
yarn. The binding yarn includes a fold-back section, primary
and secondary traverse yarn sections, a surface yarn section
that extends along the surface of the second outermost layer in
the direction substantially perpendicular to the secondary
retention yarn, and a bifurcated section that is formed on the
surface of the second outermost layer and connected to the
primary and secondary traverse yarn sections. The bifurcated
section is formed by crossing the surface yarn section that
extends in opposite directions in the outside in the laminating
direction of the secondary retention yarn.
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1
THREE-DIMENSIONAL
FIBER-REINFORCED COMPOSITE
MATERIAL

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a National Stage of International Appli-
cation No. PCT/JP2013/072157 filed Aug. 20,2013, claiming
priority based on Japanese Patent Application No. 2012-
182549 filed Aug. 21, 2012, the contents of all of which are
incorporated herein by reference in their entirety.

TECHNICAL FIELD

The present disclosure relates to a three-dimensional fiber-
reinforced composite formed by impregnating a laminate,
which is bound together by a binding yarn in the lamination
direction, with matrix resin.

BACKGROUND ART

Three-dimensional fiber-reinforced composites are used as
light, strong materials. A three-dimensional fiber-reinforced
composite includes a laminate formed by binding a plurality
of fiber bundle layers with binding yarns in matrix resin.
Thus, the three-dimensional fiber-reinforced composite has
the physical characteristics (mechanical characteristic) supe-
rior to materials that only include matrix resin. The three-
dimensional fiber-reinforced composite is therefore suitable
for a structural component. In addition, the binding yarns
allow the three-dimensional fiber-reinforced composite to be
stronger in the lamination direction than a two-dimensional
fiber-reinforced composite.

For example, Patent Document 1 discloses such a three-
dimensional fiber-reinforced composite. As shown in FIG. 5,
a three-dimensional fiber-reinforced composite 80 of Patent
Document 1 includes a flat three-dimensional fabric 86. The
three-dimensional fabric 86 includes in-plane direction yarns
83, which include a plurality of warp yarns 81 and a plurality
of weft yarns 82, a plurality of out-of-plane direction yarns
84, which are perpendicular to the reference planes of the
in-plane direction yarns 83, and a selvage yarn 85, which fixes
the out-of-plane direction yarns 84. The three-dimensional
fiber-reinforced composite 80 is formed by impregnating the
three-dimensional fabric 86 with resin and hardening the
resin.

PRIOR ART DOCUMENTS
Patent Documents

Patent Document 1: Japanese Laid-Open Patent Publica-
tion No. 2007-152672

SUMMARY OF THE INVENTION
Problems that the Invention is to Solve

In the three-dimensional fiber-reinforced composite 80,
when the three-dimensional fabric 86 is stitched by inserting
the out-of-plane direction yarn 84 through the three-dimen-
sional fabric 86, the out-of-plane direction yarn 84 is pulled in
directions along the plane of the three-dimensional fabric 86.
The pulling creates a large gap in the section where the
out-of-plane direction yarn 84 extends in opposite directions
(bifurcated section). When impregnating the three-dimen-
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sional fabric 86, the resin remains in the gap and forms a resin
pool 87. The resin pool 87 lacks fibers and is thus mechani-
cally weak in the three-dimensional fiber-reinforced compos-
ite 80. Thus, it is desired to reduce the size of the resin pool 87.

It is an object of the present disclosure to provide a three-
dimensional fiber-reinforced composite capable of reducing
the size of resin pools in bifurcated sections.

Means for Solving the Problems

To achieve the foregoing objective and in accordance with
one aspect of the present invention, a three-dimensional fiber-
reinforced composite is provided that includes a laminate, a
matrix resin, a primary retention yarn, a secondary retention
yarn, and a binding yarn. The laminate includes fiber bundle
layers that are layered in a lamination direction. The fiber
bundle layers include a first outermost layer and a second
outermost layer. The laminate is impregnated with the matrix
resin. The primary retention yarn is located along a surface of
the first outermost layer. The secondary retention yarn is
located along a surface of the second outermost layer. The
binding yarn binds the fiber bundle layers in the lamination
direction. The binding yarn includes a fold-back section, a
primary traverse yarn section and a secondary traverse yarn
section, surface yarn sections, and a bifurcated section. The
fold-back section is folded back such that the fold-back sec-
tion runs on an outer side of the primary retention yarn in the
lamination direction. The primary traverse yarn section and
the secondary traverse yarn section are continuous with the
fold-back section and extended in the lamination direction
between the primary retention yarn and the secondary reten-
tion yarn in the laminate. The surface yarn sections extend in
directions that are substantially perpendicular to the second-
ary retention yarn and along the surface of the second outer-
most layer. The bifurcated section is formed on the surface of
the second outermost layer and continuous with the primary
traverse yarn section and the secondary traverse yarn section.
The bifurcated section is formed by the surface yarn sections
that extend in opposite directions from the secondary reten-
tion yarn on the outer side of the secondary retention yarn in
the lamination direction and cross each other.

In the three-dimensional fiber-reinforced composite, when
the binding yarn is pulled in the directions along the plane of
the laminate during stitching of the binding yarn, the portions
of the surface yarn sections that form the bifurcated section
are pulled in opposite directions to squeeze the secondary
retention yarn. However, the secondary retention yarn limits
movement of the surface yarn sections. Even if the surface
yarn sections are pulled, the friction resistance between the
surface yarn sections and the secondary retention yarn limits
movement of the surface yarn sections. As a result, spreading
of the bifurcated section is limited even when the binding
yarn is pulled.

The primary traverse yarn section and the secondary
traverse yarn section may cross each other between the pri-
mary retention yarn and the secondary retention yarn.

Thus, when the binding yarn is pulled in the directions
along the plane of the laminate, the primary traverse yarn
section and the secondary traverse yarn section, which cross
each other, are pulled to squeeze the primary retention yarn.
Even if the primary and secondary traverse yarn sections are
pulled, the friction resistance between the primary and sec-
ondary traverse yarn sections and the primary retention yarn
limits movement of the primary and secondary traverse yarn
sections. As a result, spreading of the bifurcated sections is
limited even when the binding yarn is pulled.
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The laminate may include a holding layer located in the
vicinity of the bifurcated section in the lamination direction.

Thus, even if the binding yarn is pulled in the directions
along the plane of the laminate during stitching of the binding
yarn, the holding layer maintains the shape of the bifurcated
section. This limits spreading of the bifurcated section.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an exploded perspective view showing a laminate
of a three-dimensional fiber-reinforced composite of one
embodiment;

FIG. 2 is a perspective view showing the three-dimensional
fiber-reinforced composite of the embodiment;

FIG. 3 is a cross-sectional view showing the three-dimen-
sional fiber-reinforced composite of FIG. 2;

FIG. 4 is a cross-sectional view showing a three-dimen-
sional fiber-reinforced composite of a modification; and

FIG. 5 is a diagram showing a prior art structure.

MODES FOR CARRYING OUT THE INVENTION

Referring to FIGS. 1 to 5, one embodiment of a three-
dimensional fiber-reinforced composite will now be
described.

As shown in FIGS. 2 and 3, a three-dimensional fiber-
reinforced composite 10 includes a laminate 20 and matrix
resin 30. The laminate 20 is formed by layering a plurality of
sheet-shaped fiber bundle layers, namely, first to fourth rein-
forcement fiber bundle layers 11 to 14, and a holding layer 15
and by binding the first to fourth reinforcement fiber bundle
layers 11 to 14 and the holding layer 15 with binding yarns 21.
The matrix resin 30 is formed by impregnating the laminate
20 with resin.

As shown in FIG. 1, the first to fourth reinforcement fiber
bundle layers 11 to 14 include sets of first to fourth reinforce-
ment fiber bundles 11a to 14a, respectively. The first to fourth
reinforcement fiber bundles 11a to 14a extend in the same
direction in the respective layers. The term “reinforcement
fiber bundles” refers to fiber bundles that reinforce the matrix
resin 30 of the three-dimensional fiber-reinforced composite
10 when the first to fourth reinforcement fiber bundle layers
11 to 14 are used as the fiber base of the three-dimensional
fiber-reinforced composite 10. In the present embodiment,
carbon fibers are used as the reinforcement fibers. In the
following descriptions, of the directions along the plane of the
three-dimensional fiber-reinforced composite 10, the direc-
tion along one side of the three-dimensional fiber-reinforced
composite 10 is defined as the X direction, and the direction
perpendicular to the X direction is defined as the Y direction.
Further, in the three-dimensional fiber-reinforced composite
10, the direction perpendicular to the X direction and the Y
direction and in which the first to fourth reinforcement fiber
bundle layers 11 to 14 are layered is defined as the lamination
direction.

As shown in FIG. 1, the first reinforcement fiber bundle
layer 11 is formed by the first reinforcement fiber bundles
11a, which extend linearly in parallel to one another. The first
reinforcement fiber bundles 11a have a flattened cross-sec-
tion. The first reinforcement fiber bundles 11a extend at an
angle of 90 degrees to the X direction of the three-dimen-
sional fiber-reinforced composite 10. The first reinforcement
fiber bundles 11a are joined together by support yarns 115
extending in the arrangement direction of the first reinforce-
ment fiber bundles 11a.

The second reinforcement fiber bundle layer 12 is formed
by the second reinforcement fiber bundles 12a, which extend
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linearly in parallel to one another. The second reinforcement
fiber bundles 124 have a flattened cross-section. The second
reinforcement fiber bundles 124 extend in the X direction of
the three-dimensional fiber-reinforced composite 10. The
second reinforcement fiber bundles 12a are joined together
by support yarns 125 extending in the arrangement direction
of the second reinforcement fiber bundles 124.

The third reinforcement fiber bundle layer 13 is formed by
the third reinforcement fiber bundles 134, which extend lin-
early in parallel to one another. The third reinforcement fiber
bundles 13a have a flattened cross-section. The third rein-
forcement fiber bundles 13a extend at an angle of +45 degrees
relative to the X direction of the three-dimensional fiber-
reinforced composite 10. The third reinforcement fiber
bundles 13a are joined together by support yarns 135 extend-
ing in the arrangement direction of the third reinforcement
fiber bundles 13a.

The fourth reinforcement fiber bundle layer 14 is formed
by the fourth reinforcement fiber bundles 144, which extend
linearly in parallel to one another. The fourth reinforcement
fiber bundles 14a have a flattened cross-section. The fourth
reinforcement fiber bundles 14a extend at an angle of —45
degrees relative to the X direction of the three-dimensional
fiber-reinforced composite 10. The fourth reinforcement fiber
bundles 14a are joined together by support yarns 145 extend-
ing in the arrangement direction of the fourth reinforcement
fiber bundles 14a.

The holding layer 15 is a plain weave, in which each of
warp yarns 15a (primary yarns) and weft yarns 155 (second-
ary yarns) are interlaced one by one. Each warp yarn 15a is a
fiber bundle. The warp yarns 15a extend parallel to one
another in the Y direction. Each weft yarn 155 is also a fiber
bundle. The weft yarns 155 extend in parallel to one another
in the direction (X direction) that intersects (perpendicularly)
the warp yarns 15a. The fiber bundles of the warp yarns 15a
and the weft yarns 156 are made of carbon fibers.

As shown in FIGS. 2 and 3, the laminate 20 is formed by the
first to fourth reinforcement fiber bundle layers 11 to 14 and
the holding layer 15 that are layered and bound in the lami-
nation direction by a plurality of binding yarns 21. A plurality
of primary retention yarns 22 are arranged on the fourth
reinforcement fiber bundle layer 14, which is the first outer-
most layer of the two outermost layers of the laminate 20 in
the lamination direction. The primary retention yarns 22
extend in parallel to one another in the Y direction and are
arranged at intervals in the X direction. A plurality of second-
ary retention yarns 23 are arranged on the surface of the
holding layer 15, which is the second outermost layer. The
secondary retention yarns 23 extend in parallel to one another
in the Y direction and are arranged at intervals in the X
direction. The secondary retention yarns 23 extend in the
same direction as the primary retention yarns 22 and face the
primary retention yarns 22 in the lamination direction. The
binding yarns 21, the primary retention yarns 22, and the
secondary retention yarns 23 are made of carbon fibers.

The details of the binding yarns 21 are given below. The
binding yarns 21 are stitched in the direction (X direction)
that extends along the planes of the holding layer 15 and the
fourth reinforcement fiber bundle layer 14 and is perpendicu-
lar to the direction in which the first and secondary retention
yarns 22 and 23 extend. The direction in which the binding
yarns 21 are stitched and extended is defined as a movement
direction.

Each of the binding yarns 21 is inserted from the surface of
the holding layer 15 into the laminate 20 at a position forward
of a secondary retention yarn 23 in the movement direction.
After passing through the laminate 20 in the lamination direc-
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tion, the binding yarn 21 is pulled out of the surface of the
fourth reinforcement fiber bundle layer 14 at a position rear-
ward of a primary retention yarn 22 in the movement direc-
tion. The binding yarn 21 is folded back on the outer side of
the primary retention yarn 22 in the lamination direction and
then inserted into the laminate 20 at a position forward of the
primary retention yarn 22 in the movement direction.

Then, after passing through the laminate 20 in the lamina-
tion direction, the binding yarn 21 is pulled out of the surface
of'the holding layer 15 at a position rearward of the secondary
retention yarn 23 in the movement direction. The binding
yarn 21 then runs on the outer side of the secondary retention
yarn 23 in the lamination direction and extends in the move-
ment direction. Thus, the single binding yarn 21 is repeatedly
folded back on the surface of the fourth reinforcement fiber
bundle layer 14 and repeatedly inserted into and pulled out of
the surface of the holding layer 15. Accordingly, the single
binding yarn 21 binds the laminate 20 together at a plurality of
positions.

As shown in FIG. 3, when the binding yarns 21 are inserted
through the laminate 20, each binding yarn 21 includes fold-
back sections 21a that are folded back on the outer sides of the
primary retention yarns 22. The binding yarn 21 also includes
primary traverse yarn sections 215 and secondary traverse
yarn sections 21¢ that are continuous with the fold-back sec-
tions 21a and extended in the laminate 20 in the lamination
direction between the primary retention yarns 22 and the
secondary retention yarns 23. Furthermore, the binding yarn
21 includes surface yarn sections 214 that extend along the
surface of the holding layer 15 in the directions perpendicular
to the primary retention yarns 22 and the secondary retention
yarns 23. The portions of two surface yarn sections 21d that
extend on the surface of the holding layer 15 in opposite
directions from a secondary retention yarn 23 form a bifur-
cated section 21e. Sets of a fold-back section 21a, a primary
traverse yarn section 215, a secondary traverse yarn section
21c, and a bifurcated section 21e are arranged at uniform
intervals in the X direction in the similar manner as the
primary retention yarns 22 and the secondary retention yarns
23.

Each bifurcated section 21e is formed by the surface yarn
sections 214 that extend in opposite directions and cross each
other on the outer side of the associated secondary retention
yarn 23. The secondary retention yarn 23 is surrounded by the
associated surface yarn sections 21d, the primary traverse
yarn section 215 and the secondary traverse yarn section 21c.
On the inner side of each primary retention yarn 22, the
primary traverse yarn section 215 and the secondary traverse
yarn section 21¢ cross each other and form a crossing section
K. Thus, the primary retention yarn 22 is surrounded by the
fold-back section 21a and the primary and secondary traverse
yarn sections 215 and 21c¢, which are continuous with the
fold-back section 21a and form the crossing section K. The
formation of the crossing section K results in one twist of the
binding yarn 21 between the primary retention yarn 22 and
the secondary retention yarn 23. In addition, the binding yarn
21 couples the primary retention yarns 22 to the secondary
retention yarns 23 and reinforces the laminate 20 in the lami-
nation direction.

The laminate 20 that is bound together in the lamination
direction by the primary retention yarns 22, the secondary
retention yarns 23, and the binding yarns 21 is placed in a
mold that is used in the resin transfer molding (RTM) method.
Thermosetting resin is introduced into the mold and impreg-
nated into the reinforcement fiber bundle layers 11 to 14, the
holding layer 15, the binding yarns 21, the primary retention
yarns 22, and the secondary retention yarns 23 ofthe laminate
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20. The thermosetting resin is then heated and hardened to
form the matrix resin 30. As a result, the matrix resin 30 is
hardened around the reinforcement fiber bundle layers 11 to
14, the holding layer 15, the binding yarns 21, the primary
retention yarns 22, and the secondary retention yarns 23 to
form the three-dimensional fiber-reinforced composite 10.

Operation of the three-dimensional fiber-reinforced com-
posite 10 will now be described.

The surface yarn sections 21d, which extend in opposite
directions from each secondary retention yarn 23, cross each
other on the outer side of the secondary retention yarns 23 in
the lamination direction. When the binding yarn 21 is pulled
to the directions along the plane of the laminate 20 during
stitching of the laminate 20 with the binding yarn 21, the
portions of the surface yarn sections 214 that form the bifur-
cated section 21e are pulled in opposite directions. However,
the secondary retention yarn 23 limits movement of the sur-
face yarn sections 21d. Even if the surface yarn sections 214
are pulled, the friction resistance between the surface yarn
sections 214 and the secondary retention yarn 23 limits move-
ment of the surface yarn sections 21d. As a result, spreading
of the bifurcated section 21e is limited.

The above described embodiment has the following advan-
tages.

(1) In the laminate 20, which is bound together in the
lamination direction by the binding yarns 21, the primary
retention yarns 22 are arranged on the surface of the fourth
reinforcement fiber bundle layer 14, and the secondary reten-
tion yarns 23 are arranged on the holding layer 15. In addition,
the bifurcated sections 21e ofthe binding yarns 21 are formed
by the surface yarn sections 214, which cross on the outer side
of the secondary retention yarns 23. Thus, even though the
surface yarn sections 21d, which form the bifurcated section
21e, are pulled in opposite directions when the laminate 20 is
bound together by the binding yarns 21, the secondary reten-
tion yarns 23 limit movements of the surface yarn sections
21d. Accordingly, even though the matrix resin 30 is impreg-
nated in the bifurcated sections 21e and forms resin pools, the
resin pools are smaller than those of a structure in which the
surface yarn sections 214 do not cross at the bifurcated sec-
tions 21e. This allows for a uniform fiber volume content in
the three-dimensional fiber-reinforced composite 10, thereby
preventing reduction in the mechanical strength of the three-
dimensional fiber-reinforced composite 10. Furthermore,
spreading of the bifurcated section 21e is limited even when
the binding yarn 21 is pulled. This avoids a situation in which
the binding yarn 21 is pulled insufficiently so as to prevent
spreading of the bifurcated section 21e.

(2) Even though the surface yarn sections 214 are pulled,
the friction resistance between the surface yarn sections 214
and the secondary retention yarns 23 limits movements of the
surface yarn sections 214. This limits spreading of the bifur-
cated sections 21e.

(3) The primary traverse yarn section 215 and the second-
ary traverse yarn section 21c¢ cross each other between the
primary retention yarn 22 and the secondary retention yarn 23
in the lamination direction of the laminate 20 and form a
crossing section K. Thus, when the binding yarn 21 is pulled
in the directions along the plane of the laminate 20, the
primary traverse yarn section 215 and the secondary traverse
yarn section 21¢, which cross each other, are pulled and
squeeze the primary retention yarn 22. In addition to the
crossing of the surface yarn sections 214 on the outer side of
each secondary retention yarns 23, the crossing of the primary
traverse yarn section 215 and the secondary traverse yarn
section 21c¢ effectively limits spreading of the bifurcated sec-
tion 21e.
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(4) The two outermost layers of the laminate 20 include the
holding layer 15. The binding yarns 21 bind the holding layer
15 to the first to fourth reinforcement fiber bundle layers 11 to
14. The bifurcated sections 21e of the binding yarns 21 are
located near and held by the holding layer 15. The holding
layer 15 can retain its shape. Thus, when the binding yarns 21
are stitched, even if the binding yarns 21 are pulled to the
directions along the plane of the laminate 20, the retention of
the shape of the holding layer 15 retains the shape of the
bifurcated sections 21e, thereby liming spreading of the bifur-
cated sections 21e. As a result, in addition to the crossing of
the surface yarn sections 214 on the outer side of each sec-
ondary retention yarn 23 and the crossing of the primary
traverse yarn sections 216 and the secondary traverse yarn
sections 21c, the arrangement of the holding layer 15 effec-
tively limits spreading of the bifurcated sections 21e.

(5) The holding layer 15 is a plain-woven fabric of the warp
yarns 15a and the weft yarns 156. Thus, when the binding
yarns 21 are pulled, the friction resistance at the intersections
between the warp yarns 15a¢ and the weft yarns 156 limits
spreading of the bifurcated sections 21e.

(6) The holding layer 15 is a plain-woven fabric of the warp
yarns 15a and the weft yarns 155. The warp yarns 15a and the
weft yarns 155 limit enlargement of the space defined by the
warp yarns 15a and the weft yarns 155. Thus, the holding
layer 15 does not expand even when the binding yarns 21 are
pulled. This limits spreading of the bifurcated sections 21e.

(7) The holding layer 15 is located at the outermost position
in the laminate 20. The holding layer 15 is the closest to the
bifurcated section 21e and thus capable of effectively limiting
spreading of the bifurcated sections 21e when the binding
yarn 21 is pulled.

(8) The primary retention yarns 22 and the secondary reten-
tion yarns 23 are made of carbon fibers. Thus, the primary
retention yarns 22 and the secondary retention yarns 23 resist
breaking when pulled by the binding yarns 21. This maintains
the binding of the laminate 20.

(9) The first to fourth reinforcement fiber bundle layers 11
to 14, the holding layer 15, the binding yarns 21, the primary
retention yarns 22, and the secondary retention yarns 23 are
made of carbon fibers. Thus, the laminate 20 is made only of
carbon materials. This prevents reduction of the strength of
the three-dimensional fiber-reinforced composite 10, which
would otherwise be caused by a presence of non-carbon mate-
rials.

The above described embodiment may be modified as fol-
lows.

In the illustrated embodiment, the crossing sections K of
the primary traverse yarn sections 215 and the secondary
traverse yarn sections 21¢ are formed between the respective
primary retention yarns 22 and the secondary retention yarns
23 in the laminate 20. However, as shown in FIG. 4, the
crossing sections K may be omitted.

In the illustrated embodiment, the primary retention yarns
22 and the secondary retention yarns 23 extend in the same
direction. However, the primary retention yarns 22 and the
secondary retention yarns 23 may extend in directions that
differ to some extent.

The fibers that form the binding yarns 21, the primary
retention yarns 22, the secondary retention yarns 23, and the
first to fourth reinforcement fiber bundles 114 to 144 are not
limited to carbon fibers. Depending on the required physical
properties of the three-dimensional fiber-reinforced compos-
ite 10, high-strength organic fibers such as aramid fibers,
poly-p-phenylenebenzobisoxazole fibers, and ultrahigh
molecular weight polyethylene fibers, or inorganic fibers
such as glass fibers and ceramic fibers may be used.
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In the illustrated embodiment, the warp yarns 15a are the
primary yarns, and the weft yarns 1554 are the secondary
yarns. However, the warp yarns 15¢ may be the secondary
yarns, and the weft yarns 156 may be the primary yarns.

Theholding layer 15 may be made of glass fibers. When the
three-dimensional fiber-reinforced composite 10 is used in
contact with an aluminum component, the holding layer 15
that is located at the outermost position in the laminate 20 and
made of glass fibers can limit electrolytic corrosion.

The holding layer 15 may be a satin or twill fabric.

The holding layer 15 may be a non-woven fabric or a
plastic film.

In the illustrated embodiment, the holding layer 15 is
located at the outermost position in the laminate 20. However,
as long as the holding layer 15 is closer to the bifurcated
sections 21ethan the retention yarns 22 in the laminate 20, the
holding layer 15 may be located inward of the outermost layer
of the laminate 20 in the lamination direction.

In the illustrated embodiment, the first to fourth reinforce-
ment fiber bundle layers 11 to 14 are joined by the support
yarns 115 to 145, respectively. However, the present inven-
tion is not limited to such a structure. For example, fusible
yarns may be arranged on one side of each of the first to fourth
reinforcement fiber bundle layers 11 to 14 to join together
each set of the reinforcement fiber bundles 11a to 14a. Alter-
natively, in the first to fourth reinforced fiber bundle layers 11
to 14, pins may be arranged at the opposite axial ends of each
of the reinforcement fiber bundles 11a to 14a, and a joining
yarn may engage the pins to join together each set of the
reinforcement fiber bundles 11a to 14a.

In the illustrated embodiment, thermosetting resin is used
as the matrix resin 30. However, other types of resin may be
used.

Each of the numbers of the binding yarns 21, the primary
retention yarns 22, and the secondary retention yarns 23 may
be one.

The laminate 20 may include two or three reinforcement
fiber bundle layers, or may include five or more reinforcement
fiber bundle layers.

The three-dimensional fiber-reinforced composite 10,
which includes the laminate 20 and the matrix resin 30 may be
made by a method other than the RTM method.

The invention claimed is:

1. A three-dimensional fiber-reinforced composite com-

prising:
a laminate including fiber bundle layers that are layered in
a lamination direction, wherein the fiber bundle layers
include a first outermost layer and a second outermost
layer;
a matrix resin with which the laminate is impregnated;
a primary retention yarn located along a surface of the first
outermost layer;
a secondary retention yarn located along a surface of the
second outermost layer; and
a binding yarn that binds the fiber bundle layers in the
lamination direction, wherein the binding yarn includes:
a fold-back section that is folded back such that the
fold-back section runs on an outer side of the primary
retention yarn in the lamination direction;

aprimary traverse yarn section and a secondary traverse
yarn section that are continuous with the fold-back
section and extended in the lamination direction
between the primary retention yarn and the secondary
retention yarn in the laminate;
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surface yarn sections extending in directions that are
substantially perpendicular to the secondary retention
yarn and along the surface of the second outermost
layer; and

a bifurcated section that is formed on the surface of the
second outermost layer and continuous with the pri-
mary traverse yarn section and the secondary traverse
yarn section, and

the bifurcated section is formed by the surface yarn sec-
tions that extend in opposite directions from the second-
ary retention yarn on the outer side of the secondary
retention yarn in the lamination direction and cross each
other.

2. The three-dimensional fiber-reinforced composite
according to claim 1, wherein the primary traverse yarn sec-
tion and the secondary traverse yarn section cross each other
between the primary retention yarn and the secondary reten-
tion yarn.

10

15
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3. The three-dimensional fiber-reinforced composite
according to claim 1, wherein the laminate includes a holding
layer located in the vicinity of the bifurcated section in the
lamination direction.

4. The three-dimensional fiber-reinforced composite
according to claim 3, wherein the holding layer is the second
outermost layer.

5. The three-dimensional fiber-reinforced composite
according to claim 3, wherein

the holding layer is a woven fabric including primary yarns

that are arranged in parallel to one another and second-
ary yarns that are arranged parallel to one another and
extended in a direction that intersects the primary yarns,
and

each of the primary and secondary yarns is a fiber bundle.

6. The three-dimensional fiber-reinforced composite
according to claim 3, wherein the fiber bundle layers, the
primary retention yarn, the secondary retention yarn, the
binding yarn, and the holding layer are made of carbon fibers.

#* #* #* #* #*



